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DESCRIPTION 

SHOWERHEAD AND FILM DEPOSITION APPARATUS 

USING THE SAME 

5 

Technical Field 

[0001] 

The present invention relates to a showerhead for use in 
supplying a gas into a processing vessel to deposit a film on a 
10 surface of an object to be processed such as a semiconductor 
wafer, and to a film deposition apparatus using such a 
showerhead. 



Background Art 

15 [0002] 

In manufacturing a semiconductor integrated circuit, an 
object to be processed such as a semiconductor wafer is 
generally, repeatedly subjected to various single-wafer 
processes, such as a film deposition process, etching process, 

20 heat process, modification process, and crystallization process, 
so as to form a desired integrated circuit. In order to perform 
these processes, a process gas fit for the kind of process in 
question is supplied into a processing vessel. In a film 
deposition process, a source gas and a supporting gas, such as 

25 an oxidation gas and a reduction gas, are supplied into a 
processing vessel capable of forming a vacuum, from a 
showerhead disposed on a top part of the processing vessel. 
Thus, a film is deposited on a surface of a semiconductor wafer 
or the like heated in the processing vessel (JP 10-321613A). 

30 [0003] 

If a source gas with a relatively low steam pressure and a 
relatively high activation energy is mixed with a supporting gas 
while the source gas is being fed, a film deposition reaction 
undesirably occurs. Thus, in order to prevent this reaction, 
35 there has been employed a jetting system in which the source 
gas does not contact the supporting gas until the source gas is 
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jetted into the processing vessel from the showerhead. This 
jetting system is referred to as a "post-mix type". In the 
post-mix type, the source gas and the supporting gas flow 
through separate channels in the showerhead, such that the 
5 gases are not mixed with each other. Due to this structure, 
deposition of an unwanted film, which results in formation of 
particles or the like, is prevented in the showerhead, and a 
required film can be mainly deposited only on a wafer surface. 
[0004] 

10 However, in the course of repeatedly performing a film 

deposition process on the wafer, there has been a case in which 
an unwanted film ranging from several millimeters to several 
centimeters in diameter is deposited around source-gas jetting 
orifices, which are formed in a gas jetting surface of the 

15 showerhead facing the processing vessel. If such an unwanted 
film adhered to the gas jetting surface is left as it is, the film is 
peeled off from the gas jetting surface, thus causing formation 
of particles. Thus, it has been necessary to frequently carry 
out a cleaning process for removing the unwanted film. In this 

20 case, when it is possible to perform a so-called dry cleaning 
process that removes the unwanted film by passing a cleaning 
gas through the showerhead without detaching the same, only 
few problems arise. However, when an organic metal material 
gas containing certain kinds of high melting point metals, such 

25 as Hf (hafnium), is used as a material, there exists no effective 
cleaning gas. Thus, it is necessary to perform a so-called wet 
cleaning process that cleans the showerhead, while it is 
detached from a film-deposition apparatus body, by means of a 
cleaning solution. This is disadvantageous in that a lot of time 

30 is needed for a maintenance operation. 

Disclosure of Invention 

[0005] 

Taking account of this disadvantage, the present 
35 invention has been made to effectively solve the same. The 
object of the present invention is to provide a showerhead that 
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is capable of preventing deposition of an unwanted film around 
source-gas jetting orifices in a gas jetting surface, and a film 
deposition apparatus using the same showerhead. 
[0006] 

5 In order to achieve this object, the present invention 

provides a showerhead that supplies a source gas and a 
supporting gas into a vacuum atmosphere in a processing vessel, 
so as to deposit a film on a surface of an object to be processed 
in the processing vessel, comprising: 
10 a showerhead body provided with a gas jetting surface 

facing an inside of the processing vessel; 

a first diffusion chamber formed in the showerhead body 
to receive the source gas and diffuse the same; 

a second diffusion chamber formed in the showerhead 
15 body to receive the supporting gas and diffuse the same; 

a plurality of source-gas jetting orifices formed in the gas 
jetting surface to be communicated with the first diffusion 
chamber; and 

a plurality of first supporting-gas getting orifices formed 
20 in the gas jetting surface to be communicated with the second 
diffusion chamber, 

wherein each of the first supporting-gas jetting orifices is 
formed into a ring shape that adjacently surrounds a 
corresponding one of the source-gas jetting orifices. 
25 [0007] 

In addition, the present invention provides a showerhead 
that supplies a source gas and a supporting gas into a vacuum 
atmosphere in a processing vessel, so as to deposit a film on a 
surface of an object to be processed in the processing vessel, 
30 comprising: 

a showerhead body provided with a gas jetting surface 
facing an inside of the processing vessel; 

a first diffusion chamber formed in the showerhead body 
to receive the source gas and diffuse the same; 
35 a second diffusion chamber formed in the showerhead 

body to receive the supporting gas and diffuse the same; 
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a plurality of source-gas jetting orifices formed in the gas 
jetting surface to be communicated with the first diffusion 
chamber; and 

a plurality of first supporting-gas getting orifices formed 
5 in the gas jetting surface to be communicated with the second 
diffusion chamber, 

wherein each of the source-gas jetting orifices is 
adjacently surrounded by at least two of the first supporting-gas 
jetting orifices. 
10 [0008] 

According to these showerheads, the source gas which 
has been just jetted from the source-gas jetting orifices into the 
processing vessel flows downward, with the jetted source gas 
temporarily surrounded by the supporting gas jetted from the 

15 first supporting-gas jetting orifices. This prevents the activated 
source gas from stagnating near the source-gas jetting orifices. 
Thus, deposition of an unwanted film on the gas jetting surface 
around the source-gas jetting orifices can be avoided. 
Therefore, an interval between cleaning processes can be 

20 elongated to thereby decrease a frequency of the cleaning 
processes. Owing thereto, an availability factor of the 
apparatus can be enhanced. 
[0009] 

The showerhead according to the present invention 
25 preferably further comprises a plurality of second 
supporting-gas jetting orifices formed in the gas jetting surface 
to be communicated with the second diffusion chamber, each of 
the second supporting-gas jetting orifices being arranged 
between adjacent two of the source-gas jetting orifices. 
30 For example, the source gas is a gas containing a high 

melting point metal, specifically, an organic metal material gas 
containing a high melting point metal. 

The present invention provides a film deposition 
apparatus that deposits a film on a surface of an object to be 
35 processed, by using a source gas and a supporting gas, 
comprising: a processing vessel; an evacuation system that 
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evacuates an inside of the processing vessel to form therein a 
vacuum; a table provided in the processing vessel to dispose 
thereon the object to be processed; a heater that heats the 
object to be processed disposed on the table; and the aforesaid 
5 showerhead provided on a top part of the processing vessel. 

Brief Description of Drawings 

[0010] 

Fig. 1 is a sectional view showing a structure of a film 
10 deposition apparatus in a first embodiment of the present 
invention; 

Fig. 2 is a plan view showing a part of a gas jetting 
surface of the showerhead shown in Fig. 1; 

Fig. 3 is a sectional view taken along the line Al-Al in Fig. 

15 2; 

Fig. 4 is a view showing a part of an assembling step of 
the showerhead shown in Fig. 3; 

Fig. 5 is a graph showing a relationship between a 
distance from a center of a gas jetting orifice and a film 
20 deposition rate on a surface of the showerhead; 

Fig. 6 is a plan view showing a part of a gas jetting 
surface of the showerhead in a second embodiment of the 
present invention; and 

Fig. 7 is a sectional view taken along the line A2-A2 in Fig. 

25 6. 

Best Mode for Carrying Out; the Invention 

[0011] 

Embodiments of a showerhead and a film deposition 
30 apparatus using the same according to the present invention 
will be described in detail below, with reference to the 
accompanying drawings. 

<First Embodiment> 

With reference to Figs. 1 to 4, a first embodiment of the 
35 present invention is described. 

A film deposition apparatus 2 shown in Fig. 1 includes a 
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cylindrical processing vessel 4 made of, e.g., aluminum. A 
showerhead 6 that supplies a source gas and a supporting gas 
for depositing a film is provided on a top part in the processing 
vessel 4. The showerhead 6 is adapted to jet the gases toward 
5 a processing space S in the processing vessel 4 through a 
plurality of gas jetting orifices 10 formed in a gas jetting surface 
8. Details of the showerhead 6 is described hereafter. 
[0012] 

A loading/unloading port 12 is formed in a sidewall of the 

10 processing vessel 4, through which a semiconductor wafer W as 
an object to be processed is loaded into the processing vessel 4 
and unloaded therefrom. A gate vale 14 capable of being 
hermetically opened and closed is disposed on the 
loading/unloading port 12. 

15 An evacuation chamber 18 is formed below the 

processing vessel 4. The evacuation chamber 18 is defined by 
a cylindrical sidewall 22 and a bottom wall 24, and is in 
communication with an inside of the processing vessel 4 
through an opening 20 formed in a center of a bottom part 16 

20 of the processing vessel 4. A cylindrical pole 26 made of quartz 
glass or the like extends upwardly from the bottom wall 24 to 
the inside of the processing vessel 4. A table 28 is secured on 
an upper end of the pole 26 by welding. The pole 26 and the 
table 28 may be made of ceramics such as AIN. 

25 [0013] 

The opening 20 in the bottom part 16 of the processing 
vessel 4 has a diameter smaller than that of the table 28. A 
process gas flows downward around a periphery of the table 28 
and passes under the same to flow into the opening 20. An 

30 evacuation port 30 is formed in a lower part of the sidewall 22, 
to which an evacuation pipe 34 of a vacuum evacuation system 
32 is connected. The vacuum evacuation system 32 is provided 
with a vacuum pump, not shown, arranged on the evacuation 
pipe 34, whereby atmospheres in the processing vessel 4 and 

35 the evacuation chamber 18 can be evacuated to form therein a 
vacuum via the evacuation pipe 34. In addition, the vacuum 



7 



evacuation system 32 is provided with a pressure adjusting 
valve, not shown, arranged in the evacuation pipe 34. By 
adjusting an opening degree of the pressure adjusting valve, a 
pressure in the processing vessel 4 can be maintained at a 
5 certain value, and the pressure can rapidly be changed to a 
desired one. 
[0014] 

A resistance heater 36 of a carbon wire, for example, is 
buried in the table 28. The semiconductor wafer (object to be 
10 processed) W disposed on an upper surface of the table 28 can 
be head by the heater 36. A controlled electric power can be 
supplied to the heater 36 through a feeder 38 arranged in the 
pole 26. 
[0015] 

15 The table 28 is provided with a plurality of (e.g., three) 

pin through-holes 40 passing vertically therethrough (two pin 
through-holes 40 are shown in Fig. 1). A lifting pin 42 is 
inserted through each of the pin through-holes 40 in a vertically 
movable manner. A lower end of each of the lifting pins 42 is 

20 supported in a non-stationary manner by a lifting ring 44 made 
of ceramics such as alumina. An arm member 46 extending 
from the lifting ring 44 is connected to a retractable rod 48 
passing through the bottom part 16 of the processing vessel 4. 
The retractable rod 48 can be vertically moved by an actuator 

25 50. Thus, when the wafer W is delivered, the respective lifting 
pins 42 can be raised from the pin through-holes 40 and 
received therein. An elongatable bellows 52 is disposed such 
that the retractable rod 48 can be vertically moved, while 
maintaining an airtightness in the processing vessel 4. 

30 [0016] 

The showerhead 6 is described in detail. 

The showerhead 6 includes a hollow cylindrical 
showerhead body 56. The showerhead body 56 is joined to a 
lower surface of a top plate 54 that closes an upper end of the 
35 processing vessel 4. A sealing member 58, such as an O-ring 
for maintaining an airtightness in the processing vessel 4, is 
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interposed between a peripheral part of the top plate 54 and the 
upper end of the processing vessel 4. The showerhead 6 is 
formed of, for example, nickel, a nickel alloy such as 
HASTELLOY (registered trademark), aluminum, and an 
5 aluminum alloy. 
[0017] 

In the showerhead body 56, there are separately defined 
a first diffusion chamber 60 that receives a source gas and 
diffuses the same, and a second diffusion chamber 62 that 

10 receives a supporting gas and diffuses the same. In the 
drawings, the upper first diffusion chamber 60 and the lower 
second diffusion chamber 62 are separated in a vertical 
direction by a partition plate 64 positioned horizontally in the 
showerhead body 56. The first diffusion chamber 60 is 

15 communicated with a source-gas inlet port 66A which is formed 
in the top plate 54 to supply a source gas into the first diffusion 
chamber 60. The second diffusion chamber 62 is 
communicated with a supporting-gas inlet port 66B which is 
formed in the top plate 54 to supply a supporting gas into the 

20 second diffusion chamber 62. 
[0018] 

As shown in Fig. 2, a plurality of gas jetting orifices 10 
are arranged in the form of a lattice in a gas jetting surface 8 
which is a lower surface of the showerhead body 56. To be 

25 specific, the gas jetting orifices 10 include source-gas jetting 
orifices 10A for jetting a source gas, first supporting-gas jetting 
orifices 10B for jetting a supporting gas, and second 
supporting-gas jetting orifices IOC for jetting a supporting gas. 
Each of the first supporting-gas orifices 10B is formed into a 

30 ring shape that adjacently surrounds a corresponding one of the 
source-gas jetting orifices 10A. Each of the second 
supporting-gas jetting orifices IOC is arranged at an 
intermediate position between adjacent two of the source-gas 
jetting orifices 10A (and the corresponding first supporting-gas 

35 jetting orifices 10B). The second supporting-gas jetting orifices 
IOC may be omitted, if a supply amount of a supporting gas 
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jetted from the first supporting-gas jetting orifices 10B is 
sufficient, or a density per unit area of the source-gas jetting 
orifices 10A reaches a certain degree. 
[0019] 

5 As shown in Fig. 3, the source-gas jetting orifices 10A are 

communicated with the first diffusion chamber 60 through gas 
channels 68A formed in nozzles 68 extending downward from 
the partition plate 64. A distal end of each nozzle 68 has a 
reduced diameter to form a step. The first supporting-gas 

10 jetting orifices 10B are communicated with the second diffusion 
chamber 62 through gas channels 72 passing through a bottom 
plate 70 of the showerhead body 56. 

Fabrication of such a structure is described referring to 
Fig. 4. At first, stepped openings 74 whose dimensions are 

15 somewhat larger than those of the distal ends of the nozzles 68 
are formed in the bottom plate 70 at positions corresponding to 
the respective nozzles 68. Then, the partition plate 64 and the 
bottom plate 70 are joined and secured to each other, such that 
each of the distal end of the nozzle 68 is received in the 

20 corresponding opening 74 so as not to contact each other. The 
second supporting-gas jetting orifices IOC are communicated 
with the second diffusion chamber 62 through gas channels 76 
passing through the bottom plate 70. 
[0020] 

25 For example, in the showerhead 6 for use with a 300 mm 

wafer, the number of source-gas jetting orifices 10A is about 
300 to 400. Sizes of each of the gas jetting orifices 10 are as 
follows: an inner diameter LI (Fig. 3) of the source-gas jetting 
orifice 10A is about 1 mm; an inner diameter L2 (Fig. 3) and an 

30 outer diameter L3 (Figs. 2 and 3) of the first supporting-gas 
jetting orifice 10B are about 2 mm and about 2.4 mm, 
respectively; and an inner diameter L4 (Fig. 3) of the second 
supporting-gas jetting orifice IOC is about 0.5 mm. 
[0021] 

35 Next, an operation of the film deposition apparatus as 

constituted above is described. 
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A source gas and a supporting gas are used as process 
gases. Given herein as an example to describe the process is a 
case where an organic metal material gas containing Hf 
(hafnium) is used as a source gas, while O2 gas is used as a 
5 supporting gas, so as to deposit a film of Hf oxide (HfCh). The 
organic metal material gas is manufactured by dissolving an 
organic metal material which is liquid or solid at room 
temperature in a solvent (octane, for example), and by 
vaporizing the dissolved material by a vaporizer. 
10 [0022] 

At first, an unprocessed semiconductor wafer W is loaded 
into the processing vessel 4 by a conveying arm, not shown, 
through the loading/unloading port 12 which has been opened 
by the gate valve 14. The loaded wafer W is then delivered to 
15 the raised lifting pins 42. Thereafter, the lifting pins 42 are 
lowered, so that the wafer W is disposed on the upper surface of 
the table 28. 

Following thereto, an organic metal material gas as a 
source gas and O2 gas as a supporting gas are supplied into the 

20 showerhead 6, with their flow rates being controlled. These 
gases are jetted toward the processing space S through the gas 
jetting orifices 10A to IOC in the showerhead 6. At the same 
time, in the evacuation system 32, an opening degree of the 
pressure adjusting valve is adjusted, while driving the vacuum 

25 pump, so as to maintain an atmosphere in the processing space 
S at a predetermined process pressure. Meanwhile, the wafer 
W is heated by the heater 36 buried in the table 28, and is 
maintained at a predetermined process temperature. 
[0023] 

30 At this time, since the organic metal material gas is 

highly activated, the organic metal material gas is decomposed 
for a relatively a short period of time, after it is supplied into 
the processing space S. The organic metal material itself 
contains oxygen atoms. Thus, the contained oxygen atoms and 

35 Hf atoms are mainly combined with each other, so that an Hf02 
film is deposited on a surface of the wafer W by CVD (chemical 
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vapor deposition). The 0 2 gas as a supporting gas supports 

such a reaction. 

[0024] 

In a conventional showerhead, each source-gas jetting 
5 orifice is spaced apart from the adjacent supporting-gas jetting 
orifice by more than 10 mm. Thus, the organic metal material 
gas, which has been thermally decomposed and activated, 
stagnates directly below a gas jetting surface at positions near 
the source-gas jetting orifices, for a certain period of time. 

10 Thus, as described above, the problem has arisen that an 
unwanted adhesion film (Hf0 2 ) is deposited on the gas jetting 
surface at positions around the source-gas jetting orifices. 

On the other hand, in the showerhead 6 of the present 
invention, each first supporting-gas jetting orifice 10B is formed 

15 to surround a circumference of the corresponding source-gas 
jetting orifice 10A. Thus, the organic metal material gas 
containing Hf, that has been discharged downward from the 
source-gas jetting orifices 10A, flows toward a lower part of the 
processing space S, with the organic metal material gas 

20 temporarily surrounded by the O2 gas, that has been discharged 
downward from the first supporting-gas jetting orifices 10B. 
Thus, when the source gas discharged toward the processing 
space S is activated and decomposed, active species and Hf 
atoms are prevented from contacting the gas jetting surface 8. 

25 As a result, deposition of an unwanted adhesion film (Hf02) on 
the gas jetting surface 8 can be avoided. This avoidance of 
deposition of an unwanted film can decrease a frequency of 
maintenance for cleaning the film deposition apparatus, to 
thereby improve an availability factor of the apparatus. 

30 [0025] 

In this embodiment, each second supporting-gas jetting 
orifice IOC is disposed between the adjacent source-gas jetting 
orifices 10A, so that 0 2 gas as a supporting gas is also jetted 
from the second supporting-gas jetting orifices IOC. This 
35 constitution can also inhibit deposition of an unwanted adhesion 
film (Hf0 2 ) on the gas jetting surface 8. Here, an operation of 
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the supporting gas is to restrain a rapid activation of the source 

gas that has jetted to the processing space S. 

[0026] 

For example, in the showerhead 6 for use with a wafer 
5 size of 300 mm, the number of the source-gas jetting orifices 
10A is about 340, and a total area thereof is about 267 mm 2 . 
A total area of the first supporting-gas jetting orifices 10B is 
about 470 mm 2 . The number of the second supporting-gas 
jetting orifices 10C is about 340, and a total area thereof is 

10 about 70 mm 2 . A gap of the processing space S (distance 
between the gas jetting surface 8 and the upper surface of the 
table 28) is about 40 mm. A distance between the adjacent 
source-gas jetting orifices 10A is about 17 mm. Other factors 
are, for example, an about 1500 seem flow rate of the source 

15 gas, an about 1500 seem flow rate of oxygen, an about 40 Pa 
process pressure, and an about 500°C process temperature. 
[0027] 

A relationship between a flow rate of O2 gas as a 
supporting gas and a deposition rate of an unwanted film 

20 adhered to the gas jetting surface of the showerhead was 
evaluated by a simulation. The evaluation result is described 
referring to Fig. 5. Fig. 5 is a graph showing a relationship 
between a distance from a center of the gas jetting orifice and a 
film deposition rate on a surface of the showerhead. In Fig. 5, 

25 the distance 0 mm in the axis of abscissas shows a center 
position of a certain source-gas jetting orifice 10A, while the 
axis of ordinates shows an arbitrary unit (arb. unit). A flow 
rate of the O2 gas changes from 0 seem to 1500 seem. 

As apparent from Fig. 5, in the conventional showerhead 

30 (O2: 0 seem), a film deposition rate of the gas jetting surface 
was relatively high in a range between the center of the gas 
jetting orifice and a position away therefrom by about 10 mm. 
The film deposition rate of the gas jetting surface gradually 
decreased, as the position further receded away from the center 

35 of the source-gas jetting orifice. Actually, after some wafers 
were subjected to a film deposition process, deposition of an 
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unwanted film having a diameter of some centimeters was 
visually observed around the source-gas jetting orifice. 
[0028] 

On the other hand, in the showerhead 6 of the present 
5 invention, in accordance with a stepwise increase in supply 
amount of O2 gas from 500 seem to 1500 seem, peak values of 
the film deposition rate of the gas jetting surface considerably 
decreased in this order. It is understood that the decrease in 
the film deposition rate was substantially saturated, with a flow 
10 rate of the O2 gas which is between 1000 seem and 1500 seem. 
[0029] 

<Second Embodiment> 

A second embodiment of the present invention is 
described with reference to Figs. 6 and 7. 

15 As shown in Figs. 6 and 7 illustrating this embodiment, 

instead of the first supporting-gas jetting orifices 10B of a ring 
shape, a plurality of first supporting-gas jetting orifices 10D 
each having a circular shape are formed to adjacently surround 
respective source-gas jetting orifices 10A. 

20 [0030] 

In an example shown in Fig. 6, four first supporting-gas 
jetting orifices 10D are arranged around one source-gas jetting 
orifice 10A at 90° intervals about the orifice 10A. A 
combination of one source-gas jetting orifice 10A and four first 

25 supporting-gas jetting orifices 10D forms a jetting orifice unit 
80. Although the number of the first supporting-gas jetting 
orifices 10D relative to one source-gas jetting orifice 10A is not 
limited to four, it is preferable that two or more first 
supporting-gas jetting orifices 10D are arranged at equally 

30 spaced intervals, in order to surround a source gas jetted from 
the source-gas jetting orifice 10A by a supporting gas. For 
example, an inner diameter L5 (Fig. 7) of the first 
supporting-gas jetting orifice 10D is about 0.5 mm, and a 
distance (outer size) L6 (Fig. 7) between adjacent first 

35 supporting-gas jetting orifices 10D, which are opposed to each 
other across the source-gas jetting orifice 10A, is about 5.5 
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mm. 

There are arranged second supporting-gas jetting orifices 
IOC, each of which is arranged on an intermediate position 
between the adjacent jetting orifice units 80. Similar to the 
5 first embodiment, the second supporting-gas jetting orifices 10C 
may be omitted. 
[0031] 

Again in the second embodiment, since a source gas 
jetted from each source-gas jetting orifice 10A is surrounded by 
10 a supporting gas jetted from the plurality of first supporting-gas 
jetting orifices 10D, deposition of an unwanted adhesion film on 
a gas jetting surface 8 can be avoided, which is similar to the 
first embodiment. 
[0032] 

15 In the respective embodiments, 0 2 gas is used as a 

supporting gas. However, not limited thereto, an inert gas such 
as N 2 gas, He gas, and Ar gas can be used. 

Besides, although an organic metal material gas 
containing Hf, which is a high melting point metal, is used as a 

20 source gas, the present invention can be applied in a process 
using a given source gas, as far as the gas shows a tendency of 
depositing an unwanted adhesion film on a gas jetting surface 
of a showerhead. Thus, the source gas may be, for example, 
an organic metal material gas containing a high melting point 

25 metal other than Hf, such as W (tungsten), Ti (titanium), and Ta 
(tantalum), or an organic metal material gas containing no high 
melting point metal. Alternatively, a gas other than an organic 
metal material gas may be used. 

A resistance heater is taken as an example of heating 

30 means in a film deposition apparatus. However, in place 
thereof, a heating lamp can be used. 

Not limited to a semiconductor wafer, the present 
invention can be applied to a process in which an object to be 
processed is an LCD substrate, a glass substrate, and so on. 



